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Since WW2, degradation of our global natural systems has been on the increase. Much of 
this degradation has been communicated to the general public via mainstream media and 
yet human behaviours do not seem to have changed significantly as a result. It is argued in 
this paper that the manner in which our brains and minds work, in particular in regard to the 
‘neuroplasticity’ of the brain’s pathways, may contribute to this lack of changed behaviour. 
Current research on neuroplasticity and more generally neuroconstructivism is examined. It 
is then postulated that we can take advantage of what might appear to be a limitation of 
neurobiology by a/ helping the developing mind create meta-values such as ‘having a posi¬ 
tive regard towards natural systems’ that would then be defended by the adult brain and b/ 
applying the concept of embodiment during instruction. This paper will provide a growth 
sequence for lifelong ecological consciousness that incorporates the manifestations of neu¬ 
robiology as well as current research involving nature-embedded, embodied experience. 
This growth sequence will provide educators at all levels (i.e. lifelong) with an enriched 
framework that will assist the learner at various stages of life in becoming a more ecologi¬ 
cally discerning global citizen. The implication for educators is that we need to understand 
how each stage of life (i.e. early childhood to adult) is interdependent on preceding stages 
and interconnected with all stages as opposed to focussing only on individual stages of cog¬ 
nitive development. 

Keywords: neurobiology, neuroconstructivism, nature-embedded embodied experience, 
stages of cognitive growth to acquire ecological consciousness, lifelong ecological literacy 


Introduction 

Three constant questions asked about the slow progress towards global ecological integrity are a/ 
“why aren’t more people embracing ecological literacy and ecological consciousness, b/ why 
aren’t individual lifestyle changes occurring more quickly” and c/ “how can education be more 
effective in creating an ecologically literate and conscious global society”? The answer in part to 
the first two questions may be that ecological literacy is often not a distinct component of school¬ 
ing but is usually ‘infused’ (Knapp, 2000) or ‘integrated’ (Puk & Behm, 2003) into existing sub¬ 
ject matter; or that most adults are not ecologically literate. Other reasons may include the role of 
media with its penchant to entertain rather than educate, or the slavish regard politicians give to 
ideology, or the profit motives of business and industry. These are all valid reasons why little 
progress has been made in regard to ecological consciousness. However, there may be additional 
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factors that would help us understand why adults find it challenging to modify their lifestyles in 
an ecologically consistent manner. 

The genesis of this adult phenomenon begins during early childhood. In spite of this 
complexity, too often education is viewed in an atomistic rather than a wholistic manner i.e. stud¬ 
ies may involve only early childhood, or elementary, or secondary or adult education. This paper 
will take a wholistic, lifelong view of cognitive development in regard to how neurobiology 
changes from stage to stage throughout life, thus providing educators with an interconnected 
framework of stages of growth for acquiring ecological conscious based on neurocognitive de¬ 
velopment. Thus, current research into cognitive neuroscience may shed light on the third ques¬ 
tion and provide use with some direction in regard to the manner in which teaching and learning 
can be better shaped to take advantage of how the brain (neural networks) and mind (cognitive 
processing) operate. 

Neuroconstructivism 

The essence of this theory involves a reciprocal relationship in which cognitive processes shape 
neural networks which in turn shape cognitive processes (Goswami, 2008; Mareschal, Johnson, 
Sirois, Spratling, Thomas & Westermann, 2007; Westermann, Mareschal, Johnson, Sirois, Sprat- 
ling & Thomas, 2007). “[C]hanges to the brain’s ‘hardware’ in turn change the nature of repre¬ 
sentations and their processing, which leads to new experiences and further changes to the neural 
networks” (Westermann, Mareschal, Johnson, Sirois, Spratling & Thomas, 2007, p.75). 

Key components of this reciprocal relationship are the concepts of embodiment and 
grounded cognition (Barsalou, 1999; 2008; Calvo & Gomila, 2008). “Multiple levels of brain and 
body appear to continuously interact in cognition” (Stephen, Dixon & Isenhower, 2009, p. 1811). 
It is now evident that sensory and motor dynamics cannot be separated from the cognitive pro¬ 
cessing of the brain as cognitive psychology has done in the past. Modality-specific systems are 
critical to conceptual and emotional processing (Niedenthal, Barsalou, Winkleman, Krauth- 
Gruber & Ric, 2005). 

It is now clear that inside the brain as well, the causal factors that explain the patterns seen in 
any one modality may lie partly in the patterns of other modalities. In fact, recent work sug¬ 
gests that activity in various cortical areas (e.g., visual and motor cortex, or visual and audi¬ 
tory cortex) unfolds in a complex system of mutual causality. (Hutchins, 2010, p.710) 

These are not independent, reductionist processes but rather represent an interconnected 
whole. The body acts as both a filter of experiences coming from one’s surroundings, affecting 
and altering neural development and cognitive processing as well as an instrument with which the 
mind reaches out and manipulates the external surroundings (one’s environment) in order to af¬ 
fect the experiences which affect learning. This in turn affects the development of neural net¬ 
works (Goswami, 2008; Mareschal, Johnson, Sirois, Spratling, Thomas & Westermann, 2007; 
Westermann, Mareschal, Johnson, Sirois, Spratling & Thomas, 2007). In this way, the brain and 
mind attempt to construct their surroundings and in turn one’s surroundings influence and con¬ 
struct the development of neural networks and cognitive processes. Experience is the key. “With 
every new experience, your brain slightly rewires its physical structure” (Blakemore & Frith, 
2005, p.133). 

Neuroplasticity: An Inverse Relationship 

The changing nature of the neuroplasticity of the brain may also have implications for 
lifelong ecological literacy and provides direction towards the restructuring that schooling may 
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require in order to influence global efforts to deal with ecological degradation. This involves the 
manner in which internal representations (the content of neural networks) are laid down in human 
beings during childhood and the resulting resistance to change during adulthood. Human beings 
have the longest period in which brain growth is shaped by their external surroundings, starting at 
birth (Rose, 2005). However because of the length of time involved being shaped by the external 
world, human beings alter their surroundings (i.e. culture, laws, beliefs, ecological systems) once 
they are adults to a degree unprecedented amongst animals (Doidge, 2008; Wexler, 2008). Be¬ 
cause of this ‘transgenerational shaping’ of our surroundings and the resistance of the adult brain 
to change, adults are less capable of changing to the new realities that their own cultural artefacts 
helped initiate. 

It has been well established that during the years leading up to puberty, the human brain 
is very “plastic” i.e. the external world directly influences the creation of the brain’s neural net¬ 
works with little resistance (Rosenzweig, Krech, Bennet & Diamond, 1962; Schwartz & Begley, 
2003). These physical pathways (i.e. neural networks) and the content of these pathways are 
completely shaped by external stimuli during early childhood (Dennis, 2000). Neural networks 
must receive external stimulation in order to grow new brain cells and new synapses as the 
growth is not stimulated from within (Wexler, 2008). These networks are ‘plastic’ in the sense 
that they are malleable. In the very young, neural networks form and grow without resistance. 
However, increasingly over time the external stimuli (i.e. our surroundings) have become more 
human-created and less influenced by the natural world. The developing mind is being stimulated 
on a daily basis overwhelmingly by technology, by media, by transportation, by books and by 
words rather than by wind in the trees, the smell of the earth after a rain, the ever changing 
movement of water, the sound of silence in quiet meadows and the awe and majesty of ecological 
systems. The predominantly human-created external stimuli (the extreme being the synthetic 
images of virtual computer programs) result in the creation of human-influenced internal repre¬ 
sentations (the content) which is leading to a further disconnect with the natural world from 
which we came (Louv, 2006). 

During young adulthood (post-puberty), the brain conducts “synaptic pruning” in the 
frontal cortex, eliminating synapses that have not been used extensively (thus the ‘use it or lose 
it’ behaviour of the brain) and begins to protect and strengthen representations that were laid 
down prior to puberty (Blakemore & Frith, p.l 13). The brain’s internal representations (e.g. ‘es¬ 
tablished perceptual, attitudinal and cognitive structures’ (Wexler, 2008, p.4) which are translated 
into electrical patterns) become less capable of accepting new information because the brain is 
quite comfortable with the representations that it has built up for so many years. The young adult 
brain/mind becomes resistant to being shaped by the external environment and attempts to shape 
the external environment to its accustomed way of doing things. Synaptic pruning may also indi¬ 
cate the importance of practice in school instruction (Blakemore & Frith, 2005) and more gener¬ 
ally the issue of depth vs. breadth in the curriculum. Without continuous practice and review, 
new learnings will eventually be pruned. The more topics that the modem assembly-line curricu¬ 
lum includes, the less time available to emphasize internalization and transformative/deep learn¬ 
ing that require ongoing practice, application and review. 

Challenges to internal representations in the adult brain can cause dissonance, discomfort 
and stress e.g. during mood disorders (Pittenger & Duman, 2008). The adult brain sees new in¬ 
formation (that does not match existing structures) as being “foreign” (Wexler, 2008, p.6) and 
dissonant. The adult brain now attempts to preserve established representations in face of so¬ 
cial/cultural challenges and “finds changes in structure difficult and painful” (p.9), which may 
explain in part why adults leam not to ‘go there’ in the first place but rather to accept the status 
quo- otherwise the resulting dissonance may not be pleasant. The neuroplasticity of the develop- 
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ing internal representations turns into a kind of neurorigidity or at the very least these internal 
representations become less plastic. [We need to differentiate here between the plasticity of the 
content (i.e. the meta-values) of the neural networks and the plasticity of the brain’s ability to 
grow new neurons and networks, especially in injured brains. While the brain’s ability to grow 
new physical pathways occurs throughout life (Schwartz & Begley, 2003) and even during older 
adulthood (Calero & Navarro, 2004), the content of the pathways becomes much more challeng¬ 
ing to change post-puberty]. 

Through this lens, we see that young adults ‘rebel’ because they are acting on their inter¬ 
nal structures (which are a combination of their own new experiences and established cultural 
environments created by adults) to change the external world to conform to their structures (Wex- 
ler, 2008). There is a struggle between adult and young adult for this change process. Depending 
upon how much ecological literacy is emphasized in the school curriculum, the young adult may 
have a strong belief system that ‘society needs to change its ecological behaviours’, only to have 
these beliefs confronted by the older, internal representations of the adult population representing 
the status quo. In the absence of a lifelong learning society that engages adults throughout their 
lives, this reduction of neuroplasticity may be an inhibiting factor in introducing some adults to 
ecological literacy as the concepts involved (e.g. ‘everything is interconnected’) are quite com¬ 
plex. Too much exposure to explicit images of ecological degradation may push the adult into a 
kind of “mourning mode” (e.g. viewing out-of-control oil spills from offshore drilling) during 
which neuroplasticity is impeded. It takes time and energy to modify internal representations to 
match the new, external stimulations. Certainly neural networks and cognitive processing in 
adults can still grow but the change is often modest. The overall effect of neurorigidity is “con¬ 
servative” (Wexler, 2008, p.6) i.e., small changes done so grudgingly with a lot of effort and self- 
discipline in comparison to the effortless experience of the child’s brain and mind. 

Consequence for Ecological Change 

The neurobiology of the brain may help explain in part the ‘status quo’ and the modest valuing 
that the global society appears to hold towards ecological integrity. The adult brain is more com¬ 
fortable with small changes whereas the degree of ecological degradation is so great today that 
we require large changes in personal lifestyles and complex changes on the part of business, in¬ 
dustry and governments (Flannery, 2006; Hansen, 2009; Monbiot, 2006; Puk, 2010). The Kyoto 
Protocol is a good example of modest change. After all the energy and debate that has gone into 
the Protocol since its inception in 1998, the Kyoto Protocol only requires a 5% reduction in 
global greenhouse gas emissions based on 1990 levels, far below what is required to reduce 
global degradation (Hansen, 2009; Intergovernmental Panel for Climate Change, 2007; Monbiot, 
2006). However, the societal norm over the past half century has been one of evolutionary 
change, that is, slow steady progress. If we don’t get something done today, we can do it tomor¬ 
row. If we don’t accomplished a goal this year, we can do it next year (thus New Year’s Resolu¬ 
tions). This is another example of the meta-values that our internal representations have been 
taught and have endorsed. Unfortunately evolutionary thinking may not be moving fast enough to 
keep up with the speed of ecological degradation. Because greenhouse gas emissions have con¬ 
stantly been increasing since the industrial revolution, globally we may need to reduce emissions 
by 60% rather than the modest Kyoto target of 5% (Hansen et al., 2008; Monbiot, 2006). This 
represents a huge gap between willingness to change and action to change. However, in Canada 
and the United States, the increase in emissions since 1990 has been even worse. Canadians and 
Americans produce more than 20 tonnes of C02E emissions per person (Environment Canada 
Greenhouse Gas Emissions Inventory, 2009; Monbiot ,2006) compared to 6 tonnes in Great Brit¬ 
ain. Thus, Canada and the United States may need to reduce their emissions by 94% based on 
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1990 levels in order to help achieve the global average reduction of 60% (Monbiot, 2006). As 
well, the time in which we have to achieve these dramatic reductions is short. Currently we have 
poured greenhouse gas emissions into the atmosphere to the point there are now 430 ppm C02E. 
It is projected that once the atmosphere has reached 450 ppm, runaway irregular climate will 
occur in which our normal carbon sinks such as the oceans and soil will be so saturated with C02 
that they will begin to emit C02 rather than sequester it. Once this happens, there will be less 
opportunity for successful human intervention. The rate of increase of greenhouse emissions into 
the atmosphere is 2-3ppm per year (Monbiot, 2006, p. 16; Walker & King, 2008, p. 17), thus that 
critical limit of 450 ppm may occur by 2020 if we don’t make the significant reductions required 
starting now. Others such as Hansen (2009) believe we have already passed critical thresholds 
and need to reduce emissions even more drastically to 350 ppm C02 from the present 391 ppm. 
In part because of the resistance to include ecological literacy as a distinct, compulsory subject- 
matter K-12 in most jurisdictions (Puk, 2010), in part because of the lack of lifelong ecological 
literacy for all citizens and in part because of the rigidity of internal pathways of current adults to 
change easily or quickly, these gaps between what is required (ecological integrity) and what is 
being done (ecological degradation) may be jeopardizing a healthy future. 

So desperate is the brain to hold onto its pre-existing representations that change may 
cause anger or “denial” in an attempt to defend and protect these comfortable pathways (Wexler, 
2008). Ecological literacy and ecological consciousness challenge current lifestyles, making 
many people uncomfortable with the assault on their internal representations. This in turn may 
provoke a backlash against this challenge and against those who threaten established internal 
representations. 

There may also be a lack of congruency between “espoused levels of aspiration” and “de 
facto levels of aspiration” (Puk, 1994). People may say they believe that ecological integrity is 
important and that they are making changes or are willing to make specific changes in their life¬ 
styles. However their de facto levels of aspiration, that is, their actions are not always congruent 
with their espoused beliefs. The espoused beliefs may exceed the plasticity of their internal repre¬ 
sentations (pre-puberty meta-values) and when push comes to shove those established pathways 
may resist the espoused beliefs and maintain the status quo. Neurorigidity also helps to explain 
the gap between ecological literacy and ecological consciousness. Ecological literacy provides 
the capacity to make changes “about the future of life based on a comprehensive, gestalt-like 
understanding of the reciprocal relationships among and between natural systems and human 
systems” (Puk, 2010) but ecological consciousness (“the human condition in which all daily be¬ 
haviours are viewed through a lens of ecological literacy such that these behaviours form an 
ecologically beneficial lifestyle”, p. 115) requires acting on that capacity. The individual may 
know what needs to be done but their internal representations and the conservative nature of 
those representations may impede action. Because of the effort and self-discipline involved in 
change, people may avoid or abandon the attempt to significantly modify internal representations 
before enough time is given to the effort. 

Implications for Lifelong Ecological Consciousness Implications for Schooling 

To this point, four main principles of research into the nature of neurobiology in humans have 
been identified: 1/ throughout life, embodied experience shapes neural networks which shape 
cognitive processes in a reciprocal relationship; 2/ up until puberty, development of the human 
brain is largely influenced by the external world; 3/ post-puberty, the brain starts to protect the 
neural networks and cognitive processes that it has invested a great deal of energy in creating; 4/ 
while the physical and chemical structures of the adult brain are capable of growing in response 
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to external stimuli, this occurs in a rather conservative manner. How might we utilize these find¬ 
ings in schooling and in lifelong learning? 

The strengths and limitations of our neural networks may help to explain why outdoor, 
experiential learning is so valuable to brain development (Louv, 2006). By influencing the devel¬ 
opment of neural networks and cognitive representations during the early years and in particular 
in the years leading up to puberty, in regard to being able to accept and promote change as a 
meta-value, particularly when dealing with change involving the reciprocal relationship between 
natural systems and human systems, hopefully once adulthood is reached those meta-values will 
kick in naturally. The weather and the biota of the outdoors changes continuously moment by 
moment , day by day and our neural networks are shaped by these “real-time interactions with a 
changing world” (Westermann, Mareschal, Johnson, Sirois, Spratling & Thomas, 2007, p.78). 
The brain-body-surroundings unified system is influenced by multiple real-time adjustments, 
continually coordinating with the internal and external worlds (p.78). Whereas, the conditions in 
the classroom remain relatively the same day after day, year after year and our cognitive proc¬ 
esses become accustomed to this sameness and try to protect it as a meta-value. We need to con¬ 
sider developing dynamic, ecological curricular growth routes for the different ages and brain 
complexities as a way to take advantage of neurobiology. Post-puberty, these growth routes 
should take into consideration the degree of neurorigidity of the learner. 

Schooling in many parts of the world has been very much influenced by Piagetian influ¬ 
ences. Our grade system is based mostly on his stages of cognitive development of the learner. 
Neurobiology however now provides us with a more complete picture of human ontogeny. We 
need to consider adjusting schooling based on these findings. While the brain and mind have a 
plastic component to them throughout life (Dennis, 2000; Schwartz & Begley, 2003; Blakemore 
& Frith, 2005), the quality of this plasticity in regard to internal representations begins to erode 
very quickly and post-puberty, the brain is attempting to alter the external world and protect its 
internal representations (Wexler, 2008). Figure 1 provides a developmental model for how we 
might shape the brain’s capacity to influence the development of cognitive processes during 
schooling and lifelong. 

Stage 1: Pre-Puberty: birth to grade 3 

At this stage of brain development, the internal representations are almost totally influenced by 
external stimuli. By creating the conditions from birth for the young child to spend significant 
amounts of time outdoors in natural settings, we would create the potential for ecological systems 
to lay down ‘ecological internal representations’ through embodied experience rather than just 
human-made representations. By creating curricular activities that allow the young child to play¬ 
fully explore natural systems and to emphasize the innate beauty of these systems, we can pro¬ 
vide the learner with the context to experience ecological, experiential reasoning at an early age. 
Calling for exploration and play in natural settings in young children is of course not new as 
many such as Dewey (1963) and Vygotsky (Pass, 2004) advocated play and inquiry many years 
ago. Through outdoor play, “new strategies and behaviours can be developed with minimal costs 
and these strategies can, in turn, influence evolutionary processes” (Pellegrini, Dupuis & Smith, 
2006, p.262). However the latest research on the role of neuroplasticity may provide us with a 
different foundational understanding as to why exposure to the natural world is so important to 
the future of the young child. The implication is that cognitive processes and meta-values laid 
down by the developing mind will then be protected by the adult brain as the mind attempts to 
alter its surroundings. If these internal representations are devoid of ecological representations, 
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Birth to Grade 3 PRE-PUBERTY MATURATION 

-external world stimulates the creation of internal neural networks 
-neuroplasticity 

-need to lay down ecological neural representations 


Grade 4-9 (5-7) BOUNDARY SPACE 

-introduce nature-embedded, embodied experience (conceptual processing) 
-need to embed ecological cognitive seeds (meta-frameworks for discernment) 


Grade 10-Lifelong POST-PUBERTY MATURATION 

-internal representations seek to alter the external world 
-neural networks become less plastic 
-develop surveys for adult readiness 
-develop growth routes to emphasize embedded seeds 
-introduce complex issues through nature-embedded, embodied experience 


Figure 1. Stages of Growth to Acquire Ecological Consciousness 
Based on Neurocognitive Development 


the adult mind will seek to alter the surroundings based predominantly on human-made influ¬ 
ences. If these internal representations are formed from stimuli in the natural world, the adult’s 
cognitive processes should attempt to protect these representations and alter the external envi¬ 
ronment accordingly. 

The Primary Emphasis of Stage 1: laying down ecological internal representations. 


Stage 2: Boundary Space: grades 4-9 with particular attention to grades 5-7 

At this stage, the learner would continue the experiences from the Stage 1, that is, playful explo¬ 
rations through embodied experience in the natural world. In Stage 2 these playful explorations 
would be extended to introduce conceptual understanding and take advantage of “emotional 
memory” (Rose, 2005, p.164) through “nature-embedded, embodied experience” (Puk, 2010; Puk 
& Stibbards, 2011a). “Ecological macro models” are “representations of ecological systems or 
components of ecological systems in which the learner actively plays a role in order to better 
understand and internalize how these systems work” (Puk, 2010, p.27). These activities are based 
around three foci that characterize natural systems and the reciprocal relationship between natural 
systems and human systems (Puk & Stibbards, 2011a; Stibbards & Puk, 2011) complexity and 
the non-linear elements of life (Davis & Sumara, 2005; 2007), emergent properties (Kauffman, 
2010) and embodied experience (Barsalou, 1999; 2008; Niedenthal, Barsalou, Winkleman, 
Krauth-Gruber & Ric, 2005). 

An example of an ecological macro model is the honey beehive (Puk, 2010, p.302). An 
outline of a “honey beehive” and its different chambers are laid out on the ground with ropes. 
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Students randomly choose different coloured t-shirts each of which represent honey bees with 
different roles (e.g. nectar foragers, receiver bees, pollen foragers, nurse bees, a queen bee, etc). 
Students are taught three kinds of dances (waggle, shake and tremble) that honey bees utilize to 
communicate with each other when gathering pollen and nectar (Jacobsen, 2008). Students are 
also provided with the basic instructions and parameters of the activity. Once the activity begins, 
each student plays the role of the honey bee they represent. Some go searching for flowers (sta¬ 
tions with buckets of water) in order to collect nectar and pollen (water carried in a container), 
others search for water (which is carried in a container), while others receive pollen and nectar 
back at the beehive (transfer of water as pollen and nectar), etc. The beehive as a superorganism 
(Holldobler, & Wilson, (2010) is an example of complexity in the natural world as there is no 
linear sequence to follow in this behaviour and macro model. Outcomes emerge dependent on the 
actions of the bees/students, e.g. how successful they are at finding nectar and pollen and how 
much pollen and nectar they can carry back to the beehive without spilling any. Ecological 
macro models provide a rich context and an expanded ‘zone of proximal development’ that Vy¬ 
gotsky referred to (Vygotsky, 1987, p.209; Pass, 2004), as the multiple real-time interactions 
between the parameters of the activity (e.g. roles of each bee interacting, spatial characteristics of 
the area), social peers and the natural world (e.g. weather conditions, topography and natural 
fauna) challenge the learner to solve problems inherent in the activity and acquire conceptual 
understanding beyond their current capacity. The parameters of the macro model (having been set 
by the adult/teacher) and the complexity of the natural surroundings expand the role of Vygot¬ 
sky’s adult in this zone of proximal development and combine the human cultural influences 
central to human ontogeny (Vygotsky, 1987; Tomasello, 1999; Blakemore & Frith, 2005) with 
that of natural systems. These activities also emphasize imagination (i.e. thus the development of 
new neural networks) by developing enhanced imagery of the activity (e.g. the honey beehive) 
that students internalize and retain as “enhanced memory” (Blakemore & Frith, 2005) and emo¬ 
tional memory for future retrieval, e.g. debriefing back in the classroom with images created 
from embodied experience rather than from virtual experiences of textbook and media. 
McGaugh (as cited in Rose, 2005) has demonstrated that “emotional memory is more powerful 
than purely cognitive memory” (p.164) and that people remember “emotion-laden information” 
better than purely cognitive ones e.g. classroom-based learning from textbooks. For the learner, 
moving around in a natural setting, negotiating the parameters of the macro model, as if they 
were a honeybee (or a photon of light in understanding photosynthesis or a water molecule in 
water treatment, etc.) creates a rich mixture of emotional and conceptual influences. The honey 
beehive macro model and other macro models can then be further adapted for Stage 3 learners by 
adding the heavier anthropogenic issues, for example in the case of the honey beehive, of colony 
collapse disorder including multiple, complex influences of irregular climate, synthetic chemi¬ 
cals, EMF and urbanization (see further discussion on adding heavy issues to nature-embedded, 
embodied experience in Stage 3). 

Stage 2 also connects the externally influenced developing mind of Stage 1 with Stage 3 
when the newly-created internal representations attempt to alter one’s external surroundings and 
resist the influence of the external world. This Stage 2 Boundary Space provides the staging area 
for post-puberty when plasticity begins to erode. Grades 5-7 may be the key grades to prepare 
cognitive processes for this future (this will vary depending on the age of sexual maturation). 
Therefore, in addition to nature-embedded, embodied experience, students would be taught meta- 
frameworks that emphasize learning how to learn (which Rose 2005 points out is an inherent 
quality of the developing brain), in particular about the reciprocal relationships between human 
systems and natural systems. In particular, we need to provide ‘ecological cognitive seeding’’ that 
will help create these meta-frameworks (or what Case 1996 referred to more generally as ‘central 
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conceptual structures’), and that empower students with strategies for self-directed learning, 
“critical evaluation of transmitted knowledge and meta-study skills” (Blakemore & Frith, 2005, 
p.121) in regard to ecological literacy and ecological consciousness. These ecological cognitive 
seeds (e.g. “learning how to view human and natural systems from a life-cycle perspective” and 
“understanding the reciprocal relationship between human systems and natural systems”) would 
thus be laid down pre-puberty after which neuroplasticity begins to decay. 

One example of these meta-frameworks that might provide ecological seeding for the 
higher grades in this stage (that is grades 8-9) is the following set of questions that the young 
learner would be taught to invoke whenever they are presented with statements and assertions 
about ecological issues: 

1. Who is making the claim and why? 

2. Are these claims accurate (how ecologically literate are these claims)? 

3. Is there something missing from the claim (what are these claims not telling me)? 

4. Is this about protecting natural systems or about money (is this ultimately an ecologi¬ 
cal benefit or a perceived economic benefit)? 

5. Will this protect natural systems and human health in the long term (is this claim con¬ 
sistent with ecological integrity)? 

6. Although this might look good to me now, do we really need this and will others be 
harmed as a consequence (is this about convenience or about need and if a convenience 
will it be harmful for others later)? 

7. Do I know enough to determine the claim is valid (am I ecologically literate enough to 
know if the claim is ecologically responsible)? 

8. If not, where can I go for more information? 

(the bracketed sections represent adapted wording for Stage 3 learners) 

As the world becomes more aware of the consequences of ecological degradation, the 
danger is that there is a great deal of misinformation, misunderstanding and at times deliberate 
obfuscation. In the latter case, billions of dollars are spent to deliberately sow doubt in the minds 
of the unsuspecting public (Beder, 2002). Michaels (2008) suggests that claims about possible 
solutions or assertions that question the validity of ecological degradation are made that pur¬ 
posely distort the science underlying the claim, with the general public not knowing which to 
believe. By teaching young students how to ask questions, about their own beliefs and knowledge 
base and that of claims made in the media or in text, we would be providing them with the tools 
of discernment (Puk & Stibbards, 2011b). Moon (1999) describes five stages of meaning making 
from a/ surface learning composed of noticing, making sense, and making meaning stages, to b/ 
deep learning composed of stages involving working with meaning and transformative learning 
(p. 139). Transformative learning is characterized by being meaningful, reflective and most im¬ 
portantly, restructured by the learner (p.139) as opposed to the noticing stage of surface learning 
when memorization is paramount. Meta-frameworks for discernment/transformative learning 
such as the set of questions found above would become internal representations for students in 
grades 8-9 before brain plasticity begins to decline. Later as adults, the brain/mind would hope¬ 
fully attempt to protect these meta-values (e.g. “question all knowledge thoroughly”). 

This set of questions should not be taught as a formula in which universal answers would 
automatically be produced. Rather, it would teach the older boundary learner a process for asking 
questions about ecological issues which the adult brain/mind might then later protect as a meta¬ 
value. This should serve the future adult well as issues about ecological degradation and ecologi¬ 
cal integrity become more and more complex and simple solutions become more elusive. 
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The Primary Emphasis of Stage 2: a/ nature-embedded, embodied experience; b/ ecological cog¬ 
nitive seeding with meta-frameworks for self-directed learning. 


Implications for Adult Learning 

As Vance and Crowe (2006) suggest, “researchers need to develop a better understanding of how 
lifelong lifestyle habits affect brain plasticity in older age” (p.74) in order to take advantage of 
neurobiology. The major implication of neurobiology as it applies to ecological literacy and eco¬ 
logical consciousness is that what occurs during schooling has a major impact on the adult 
brain’s ability and the mind’s willingness to change and learn quickly enough to meet the chal¬ 
lenges of ecological degradation. 

Stage 3: Post-Puberty: grade 10-lifelong 

During this stage, the young adult learner and the lifelong learner would continue the experiences 
from the first two stages: a/ significant time exploring the natural world through nature- 
embedded, embodied experience and b/ extending their ability to employ meta-frameworks. As 
well, we now need to gradually add the heavy issues of ecological degradation (e.g. “increased 
emissions will cause increased melting of glaciers which will cause rising water levels which will 
displace millions of people around the world”). [By placing these kinds of heavy issues on the 
shoulders of young children (Stages 1 and 2) who do not possess significant power to affect these 
issues can lead to ecophobia (Sobel, 1995). Thus delaying heavy issues to Stage 3 is preferable]. 
Stibbards and Puk (2011) found that teacher candidates, after an academic year-long course in 
ecological literacy featuring twenty-six ecological macro models (e.g. topics such as natural and 
anthropogenic greenhouse gases, nuclear energy, hydrogen and microbial fuel cells, plastics, 
organochlorines, virtual water, etc.), rated their experiences and beliefs about ecological macro 
model learning (i.e. nature-embedded, embodied learning) very highly. This study involved 
teacher candidates rating 15 statements about their experiences with macro models including 
statements such as: “1 believe the em2s [ecological macro models] resulted in a deeper integra¬ 
tion of material than would have been achieved through the traditional lecture style of instruc¬ 
tion”; “1 believe that em2s can be an effective form of instruction in university education”; “1 am 
confident I can develop effective em2s as a future teacher as a result of participating in the mod¬ 
els in this course”; “1 believe 1 will retain the content of these em2s longer than if 1 had read 
about the content or had been part of a lecture”; “My attitude towards ambiguity and uncertainty 
used as a form of instruction changed and became more positive during the course through the 
use of em2". On a Likert scale of 1-5 (1 agree not at all, 5 agree extremely), “86.84% of the rat¬ 
ings were either 4 or 5, with a mean score of 4.34 on all items” (p.25). The study also found that 
self-efficacy measures in regard to beliefs and attitudes about embodied, emergent learning in¬ 
creased significantly from pre-course (M=73.54, SD=11.93) to post-course (M=84.24, SD=5.87, 
t(14)=3.322, p=.006), an increased confidence of M= 10.70 (p.25) (not withstanding the possibil¬ 
ity of pre-course false self-efficacy explained below). 

In a second study with the same class of teacher candidates, Puk and Stibbards (2011b) 
found that there was significant growth (p<.001) between pre-course and post-course testing in 
the teacher candidates’ ability to develop mature definitions for key ecological concepts. On a 
scale of 1-4 (1 meaning either no definitions or incorrect definitions, 4 meaning mature, robust 
definitions), pre-course means ranged from 1.00 to 1.40 while post-course means ranged from 2.6 
to 4 (p.35)! This improvement was attributed to the embodied experience embedded in the macro 
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models. Although these are small scale studies, nevertheless we do have some evidence that in¬ 
structional strategies that feature embodied, modality-specific systems can take advantage of the 
reciprocal relationship between cognitive processes, neural networks and surroundings with sig¬ 
nificant results. 

Secondly, recognizing the natural resistance the post-puberty mind has to accepting the 
external world is an important reason why during adult learning we should emphasize the asking 
of questions over statements. When the adult learner is making statements, the brain/mind is at¬ 
tempting to alter its external surroundings to conform to its pre-existing internal pathways- thus 
very little change may occur. Adults are often more comfortable in making statements that sim¬ 
ply reinforce their current internal representations which in turn provide internal reassurance and 
comfort rather than restructuring their meaning-making through deep reflection. In a study that 
assessed the ability of teacher candidates to develop definitions for key ecological concepts at the 
beginning of their teacher education program (Puk & Stibbards, 2011a), these teacher candidates 
were also asked how well they thought they could define these concepts and how capable they 
were of teaching these concepts. The results of the study found a false sense of efficacy as their 
past experiences in higher learning (all the subjects had undergraduate degrees and some even 
had graduate degrees) negatively correlated with their perceived ability to define these concepts. 
While there has been little research on false self-efficacy, it is possible that this is another exam¬ 
ple of how the adult brain/mind attempts to protect pre-existing meta-values. Thus, encouraging 
the adult-as-learner to critically reflect on their own meaning-making n order to achieve trans¬ 
formative learning (Moon, 1999; 2008) may compel internal representations to entertain new 
directions and allowing new possibilities to help us question established meta-values (Taylor, 
2007). Teacher educators and more generally university instructors might benefit by being aware 
of false self-efficacy in their adult students and establishing strategies to deal with this phenom¬ 
ena. 

Most importantly, Stage 3 would involve the development of individual growth routes 
(dependent on how well the learner has internalized the meta-frameworks and how plastic the 
brain remains) that utilize the ecological cognitive seeding laid down during the previous stage. 
Those ecological seeds (i.e. meta-frameworks for self-directed learning) will now be an integral 
component of the internal representations and the brain will naturally attempt to protect them and 
utilize them to alter the external world. 

For current adults however who have not had the opportunity to have these representa¬ 
tions laid down pre-puberty, it might first be advantageous to assess how open they are to eco¬ 
logical literacy and ecological change, determine the best stalling points for teaching ecological 
literacy and develop individual growth routes for the current adult population. We would need to 
develop instruments that will provide feedback as to the ecological meta-values that the adult 
learner possesses. Questions such as: i/ how much effort do you believe society should expend to 
eliminate the threat of irregular climate? ii/ do you believe that we have a lot of time to resolve 
our ecological problems? ml how much effort are you willing to expend to eliminate the threat of 
irregular climate? iv/ do you support recycling? v/ how much are you willing to change your 
lifestyle in order to create a healthier world? , would help identify ecological meta-values and 
willingness to engage the topic. With these responses, program developers for lifelong ecological 
literacy would be better able to adapt instruction/discussion and develop a growth sequence that 
would begin with the readiness of the adult learner to engage ecological integrity. 

The Primary Emphasis of Stage 3: a/determine ecological meta-values and degree of 
neurorigidity in the learner, b/ develop growth sequence for lifelong ecological literacy, c/ add 
complex issues through nature-embedded, embodied experience. 
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Conclusion 

This paper has suggested that schooling and lifelong education might benefit by considering the 
implications of neurobiology as they effect lifelong ecological literacy and ecological conscious¬ 
ness by contributing a framework for stages of growth for acquiring ecological consciousness 
based on neurocognitive development. It is not enough for educators at different stages of educa¬ 
tion to only focus on the stage with which they are currently involved. Educators at all levels 
need to understand how neurobiology affects ecological literacy at each stage of neurocognitive 
development and how the whole continuum is greater and more complex than the individuals 
parts/stages. 

Neuroconstructivism recognizes the reciprocal relationships between cognitive processes, 
neural networks and experience. The downside of neuroplasticity is that while there is a capacity 
for the brain to develop neural networks and for continued growth in cognitive processing 
throughout life, there is also a tendency on the part of the brain to protect the internal representa¬ 
tions it has invested pre-puberty which can lead to a degree of neurorigidity during adulthood. 
This is happening at a unique time in human existence just when we need a more receptive adult 
brain/mind capable of laying down new ecological meta-values in a short period of time. As Rose 
(2005) points out, at an early age our brains learn to extract ‘regularities’ from our surroundings 
and that this was an advantage to early humans at a time when these regularities would not have 
varied significantly over a short life-time and would have been more nature-based. In today’s 
‘modem’, global world, change is the regularity_ and for the most part is anthropogenic. How¬ 
ever, our brains have not had time to evolve to this new reality. Perhaps we can take advantage of 
the neurobiologic al characteristics of pre-puberty plasticity in order to accelerate adult brain evo¬ 
lution by a/ making sure early childhood internal representations are heavily influenced by nature 
through embodied experience, b/ putting more emphasis on teaching young learners discernment 
in regard to ecological literacy which the adult brain will then seek to protect, and c/ continuing 
to take advantage of the albeit diminished plasticity of the adult brain by identifying the meta¬ 
values of the adult learner prior to learning episodes and providing nature-embedded, embodied 
experience through lifelong instruction. Developing the ecologically literate and ecologically 
conscious person needs to be conducted in a systematic, wholistic manner through lifelong edu¬ 
cation. 
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Norolojinin ya§am boyu ekolojik okuryazarlik ve farkindalik iizerindeki etkisi 


ikinci diinya Sava^i'ndan bu yana kiiresel dogal sistemlerini kiifiik gorme egilimi arti§ gos- 
termifjtir Bu baki§ agismm biiyiik bir bolumii ana akim medya araciligi ile genel kitleye ak- 
tarilmifjtir. Bunun bir sonucu olarak insan davram^lari heniiz anlamli bir §ekilde degi§mi§ 
gibi goziikmemektedir. Bu makalede beynimizin ve zihnimizin, ozellikle beynin noro- 
esneklik iz-yollarimn fali^ma bi?iminin degi^meyen bu davram^a katkisi tarti^ilacaktir. 
Mevcut ^ali^ma noro-esneklik ve daha genel olarak noro-yapilandirmacilik iizerine yapil- 
mi§tir. Noro-biyolojinin bir smirlamasi olarak goziiken durumun, “noral sistemlere yonelik 
pozitif tutumlara sahip olma” gibi geli^en zihnin meta-degerler yaratmasina yardimci olarak 
bir avantaja d6nu§tiiriilebilecegi iddia edilmifjtir. Boylece bu tutum, yeti§kin beyniyle ve 
ogretim sirasinda ete kemige buriindurme /somutla§tirma kavramini uygulamayla savunula- 
bilir. Bu makale ya§am boyu ekolojik farkindalik i?in gereken noro-biyolojik manifestolar 
kadar doga-gomiilu, somutla^tirilmi^ deneyimle ilgili mevcut ara^tirmamn dikkate almdigi 
geli§im dizisini ortaya koymaktadir. Bu geli^im dizisi egitimcilere, ya^amm farkli evrele- 
rindeki ogrenenlere ekolojik olarak daha bilin?li kiiresel vatanda§ olmalarmda yardimci 
olabilecek zenginle^tirilmi^ bir baki§ afisiyla tiim diizcylerde (ornegin ya§am boyu) destek 
saglamaktadir. Egitimciler i^in gikarilabilecek bir soniu;, ya^amin her evresinin (ornegin er- 
ken donem (jocukluktan yeti^kinlige kadar) onceki evreden nasil bagimsiz oldugu ve sadece 
bireyin bili^sel gelifjim evrelerine bakmamn aksine diger evrelerle nasil ilifjkili oldugunu 
anlamamizm gerekliligidir. 

Anahtar kavramlar: noro-biyoloji, noro-yapilandirmacilik, doga gomiilii, somutla§tirilmi§ 
deneyim, ekolojik farkindalik kazandiracak bili§sel geli^im dizisi, ya§am boyu ekolojik 
okur yazarhk. 




